Objective: To assess the immunomodulatory and antibacterial properties of the coastal trees Aegle marmelos (A. marmelos) and Ficus benghalensis (F. benghalensis) by in-vitro methods. Methods: A. marmelos and F. benghalensis leaves were extracted with the solvents di-ethyl ether, ethanol and methanol. The extracts were investigated for antibacterial activity against human pathogenic bacteria and immunomodulatory activity against human peripheral blood mononuclear cells (PBMC), respectively. Results: F. benghalensis ethanol cold extract gave maximum inhibition zones against Escherichia coli NCIM 2931 (B2) at 18 mm and enhanced the growth of human PBMC. It was non-toxic to human PBMC shown by the Tryphan blue dye exclusion method, sulforhodamine B and MTT assays. IR phyto-chemical analysis demonstrated the presence of the functional groups: NH, CH 2 , CH 3 , CO, OH, -C-C=O, and C-S. We confirmed the presence of quantifiable amounts of tannins and alkaloids with traces of phenolic compounds by thin layer chromatography analysis. Conclusions: Leaves of A. marmelos and F. benghalensis provide both antibacterial and immunomodulatory properties.
Introduction
Traditional and ethnic medicines play an important role in health services around the world. About three quarters of the world population relies on plants and plant extracts for healthcare. India has an extensive forest cover, enriched with plant diversity. Here as elsewhere were plants used since ancient times for the treatment of many ailments and diseases due to the presence of various novel and complex substances in plants. These are of different chemical composition as secondary metabolites. These compounds have properties such as wound healing, phagocytic, and anticellular properties with humoral immune response. Plants based immunomodulators were reported with certain valuable chemical constituents and significant results in clinical trials [1] .
The isolation of antibiotic resistant bacteria has highlighted the need for reliable antimicrobial agents. It is reported that, on average, two or three antibiotics derived from microorganisms are launched every year [2] . After a slight downturn, scientists with the rise of antibiotic resistance worldwide recently realized that new antibiotic are needed. Therefore, the use of plant extracts, as well as other alternative forms of medical treatments, was obtaining much popularity in the last two decades. The major benefit of these medicinal plants is that they have fewer side effects. Therefore, immunomodulatory and antimicrobial agents from medicinal plants have become fundamental principles of several therapeutic approaches.
A RT I C L E I N F O A B S T R AC T
The human immune system is a defense system that has evolved to protect us from invading pathogenic microorganisms, cancer and other diseases. It consists of primary lymphoid organs, secondary lymphoid tissues, immunoreactive cells and mediators which are capable of recognizing the apparently limitless variety of foreign invaders specifically or non-specifically. Such responses keep the host healthy [3] . This is being done by two interrelated activities of the immune system, i.e. recognition and response. The recognition could be specific or non-specific. An immune response can be functionally divided into three components: immunosupression, immunopotentiation, and immunotolerance. Immunological recognition is remarkably specific. The immune system is able to recognize subtle chemical differences that distinguish foreign molecules and the body's own cellular products. Once foreign material is recognized, the immune system enlists the participation of a variety of cells and molecules to an appropriate response, known as an effector function in order to eliminate or neutralize the foreign material. In this way the system is able to convert the initial recognition event into different effector responses, each uniquely suited to eliminate a particular type of pathogen or foreign material [4] .
Under some conditions, the activation or efficacy of the immune system is reduced which is known as immunosuppression. Some parts of the immune system may have immunosuppressive effects on other parts of the immune system, and hence immunosuppression may provide an adverse reaction. This holds for instance for autoimmunity -where the immune system responds to itself by recognizing self as nonself. Immunosuppression may also be useful in conditions like transplantation. Here, to avoid rejection of transplanted foreign material, immunosuppressive drugs are given.
In contrast, immunopotentiation represents an enhancement of the immune response by increasing its rate or prolonging its duration which is also useful in conditions like immunodeficiency diseases [5] .
Compounds that are capable of altering the immune response are termed immunomodulators [6] . properties. The root is one of the ingredients of the group dasamula, used in Ayurveda [9, 10] . Different parts of the tree have been reported to possess various pharmacological activity such as anti-diabetic, antiulcer, analgesic, anti-inflammatory, anti-pyretic, anti-thyroid, anti-hyperlipidemic, anticancer, and antimicrobial [11] [12] [13] . Ficus benghalensis (F. benghalensis) belongs to the family Moraceae and is known for its high medicinal values since ancient times.
Various parts like aerial roots, bark, leaves, fruit, and latex serve as good medicine [14, 15] . It has been reported to possess important pharmacological activities such as antidiabetic, hypolipidemic, antihelminthic, anti-stress, antiallergic, antioxidant, anti-inflammatory, wound healing and growth promoting [16, 17] . The present study has been undertaken to test the extracts of these two medicinal plants for their immunomodulatory properties on human peripheral blood mononuclear cells (PBMC) and antibacterial properties on human pathogenic bacteria (HPB). were hand-picked and thoroughly washed with tap water followed by distilled water to remove adhering debris, associated epifauna/ epiphytes, dust and other materials. After cleaning, the sample leaves were dried in the shade at room temperature for a week [18] .
Materials and methods

Collection and preprocessing of plant leaves
Dried leave material was cut into small pieces and preserved at a temperature of 28 °C until use.
Preparation and extraction of bioactive substances from plant leaves
The pulverized moisture free/dried leaves (A. marmelos) and (F. Rotary evaporator dried seaweed extract of soaking and soxhlet DEE, C 2 H 6 O and MeOH was dissolved in the same solvent. It was further sonicated in order to prevent the agglomeration of particles.
The inoculated agar was poured into the assay plate (Petri dishes 90 mm in diameter) and allowed to cool down. Sterilized paper discs, containing the extract of the leaves (2 mg), were transferred onto these prepared Petri dishes. Oxytetracycline (Merck, Germany) was used as a positive, the solvent of each extract as a negative control. A prediffusion for 3 h was guaranteed and inhibition zones were measured after 24-48 h at an incubation at (37 ± 1) °C . The inhibition zones were measured excepting the 6 mm paper disc. After incubation, the different zones of inhibition were measured with the help of HiAntibiotic ZoneScale-C. Assays were performed in triplicate and average values were presented.
Phytochemical analysis of leave extracts
All extracts from the two plants were screened for secondary metabolites like alkaloid, flavonoid, glucoside, steroid, saponin, tannin, anthraquinone, phlobatannin, terpenoid and cardiac glycoside by standard methods for various phytochemical constituents carried out using standard methods [19] as described in 
In-vitro bioactivity test for immunomodulatory and cytotoxicity assessment
PBMCs were separated from whole blood of a healthy donor by density gradient centrifugation [20] . The PBMCs were isolated under sterile conditions in RPMI-1640 
Results
Antimicrobial screening of HPB
The results of leave extracts from the soaking method in various polarity solvents against HPB inhibition zone (mm) were provided marmelos showed a significant activity at 13 mm against B. subtilis. 
V. cholera --10 10 --11 11 K. pneumoniae - K. pneumoniae -- 
E. coli -10 10 10 10 10 10
Maximum inhibition zones were observed in the following order C 2 H 6 O > MeOH > DEE with the cold method. (Table 8 and Figure 3 ). --10  13  --10  10  2  M. luteus  ---10  -10  11  13  3  S. aureus  -----10  10  10  4  S. epidermis  --11  12  ---12  5  E. coli  -10  13  13  -10  10  18  6 K. pneumoniae ---10 -10 10 15 7
Phyto-chemical analysis of leave extracts
P. mirabilis -10 10 12 --10 10 8
P. aeruginosa ------10 10 9
S. typhimurium ---10 --11 11 10 V. cholera --10 11 --10 10 
In-vitro bioactivity test for immunomodulation and cytotoxicity assessments
The C 2 H 6 O extract was found to be non-toxic to human PBMC by dye exclusion method. In the sense, it neither affects the cell morphology (cytopathologic) nor the nucleus and/or the other organelles (cytotoxic) (Tables 9, 10 and Figure 4 ). The protein concentration of the cells after treatment with the extract was found to be more, particularly at 160 µg concentration for A. marmelos and there was no change in the protein content for F. benghalensis shown by the SRB assay ( Figure 5A ). There was an increase in the mitochondrial enzyme dehydrogenase of PBMC when treated with plant extracts by MTT assay (Figure 5B ). Overall results revealed that the extract was nontoxic and immunomodulatory to human PBMC by all the three assays performed. The concentration of IL-2 was found to be 160 µg concentration for A. marmelos and 40 µg concentrations for F. benghalensis ( Figure 6 ). 
Discussion
In India, plants have always provided the foundation of medicinal drugs and presently they are increasingly popular throughout the world, as people focus on staying healthy with natural means in the face of chronic stress and pollution. They try to combat illness with medicines that support the body's own defense systems [23] . Recognition of the biological properties of plant products has fueled the current focus in this field, namely, the search for new drugs, antibiotics, insecticides and herbicides [24] .
Available literature revealed that the leaves of A. marmelos are used as anti-inflammatory, expectorant, anticatarrahal, antiasthmatic, antiulcerous and ophthalmic [25] . F. benghalensis is traditionally used as astringent, depurative, anti-inflammatory, ophthalmic, stypic, antiarthritic, diaphoretic, antidiarrhoeic, and antihelmenthic [26] . This was also the reason for choosing these two plants in this preliminary study. The effect of immunomodulators on the immune system of the host is nonspecific and directed towards the stimulation of the defense system of the organism in general. Medicinal plants have been used to cure a number of diseases. Although the recovery might be slow, the therapeutic use of medicinal plants is becoming popular because of its ability to cure ailments without side effects [27] .
A recent study reported that the methanolic extract of A. marmelos provides immunomodulatory potential by stimulating cellular and humoral immune mechanisms in mice [28] . In the present study, the ethanolic extract of A. marmelos and F. benghalensis was enhancing the growth of human PBMC and was nontoxic to those cells as evidenced by the dye exclusion method. SRB and MTT assays also showed that the compounds present in the extract had immunomodulatory properties.
Secondary metabolites which did not participated directly in growth and development were responsible for the medicinal qualities of plants.
Most of the compounds used as drugs came from vascular plants; mainly from angiosperms. Their secondary metabolic products include alkaloids, glycosides, essential oils and other organic constituents [29] .
The present study revealed the presence of secondary metabolites like phlobatannins, cardiac glycosides, tannins, flavonoids, steroids, and terpenoids in the alcoholic extracts of both plants. A recent study also revealed the presence of alkaloids, saponins, flavonoids and phenolic compounds in aqueous, acetone and chloroform extracts of leaves of A. marmelos [30] . TLC 
